articles published until December 2018. Studies with clearly defined inclusion and exclusion criteria and those that focused on pregnancies after BS addressing fetomaternal outcomes, nutritional deficiencies and complications of BS were included. Initially, a total of 220 articles were identified. Subsequently, the search was refined by using more specific keywords, either alone or in combination, such as "bariatric surgery", "pregnancy", "obstetrical outcome" and "medical complications" or "surgical complications". Finally, 64 articles were included in this review after screening to ensure their relevance to the topic. Case-control, cohort studies and some case reports have shown that pre-conception BS is associated with a reduction of GDM and hypertension during pregnancy. [11] [12] [13] Pre-conceptional BS is associated with shortand long-term fetomaternal complications during pregnancy-which include fetal anomalies, intrauterine growth restriction (IUGR), malnutrition, prolonged labour, increase in induction of labour, postpartum weight retention and juvenile obesity in children. [14] [15] [16] However, pregnancies following BS may also be associated with many medical, surgical and obstetric morbidities. 17, 18 Weintraub et al. 's retrospective study, conducted at a tertiary care centre in Israel, studied the effect of BS on pregnancy outcome between 1988 and 2006. 19 They analysed 301 pregnant women who had never had BS and 507 pregnant women after BS and showed that there was a significant reduction in GDM (17.3% versus 11.0%; P = 0.009) and hypertension (23.6% versus 11.02%; P = 0.001) in women after BS. 19 Kwong et al. 's systematic review and meta-analysis of 17 cohort studies demonstrated that there was a reduction in hypertensive disorders in pregnancy (odds ratio [OR]: 0.57, confidence interval [CI]: 0.30-1.09), GDM (OR: 0.55, CI: 0.32-0.97) and fetal macrosomia (OR: 0.34, CI: 0.17-O.69) following BS. 20 Luck et al. reported similar results with the addition of a costeffectiveness strategy for women with anovulation to improve their overall pregnancy rate. 21 Johansen et al. 's study included 627,693 singleton pregnancies from the Swedish Medical Birth Registry from 2006 to 2011. Of the pregnant women, 670 had prior BS and this revealed a decrease in GDM (1.9% versus 6.8%, OR: 0.25, CI: 0.13-0.18; P = 0.001); the frequency of macrosomic fetuses were also reduced in this group (8.6% versus 22.4%, OR: 0.33, CI: 0.24-0.44; P <0.001). 22 Sheiner et al. reported a higher rate of hypertension in pregnancy (5.4% versus 1.7%; P <0.001) and GDM (9.4% versus 5.0%; P = 0.001) after BS; however, this association was insignificant on multiple logistic regression analysis. 23 Conversely, Patel et al. found no statistically significant difference in GDM and hypertension between pregnant women with and without BS. 24 perinatal outcome and congenital m a l f o r m at i o n s Sheiner et al. described 298 deliveries after BS and compared the outcomes to a control group of 159,210 subjects from 1988 to 2002. 23 There was no significant difference of perinatal mortality and congenital abnormalities between the two groups (0.3% versus 1.5%; P = 0.10 and 5.0% versus 4.0%; P = 0.355, respectively). 23 Dixon et al. studied 79 pregnancies after BS and reported one duodenal atresia and one stillbirth at 41 gestational weeks. 25 Due to paucity of data in this regard, more research is needed to evaluate the risk of congenital malformations as some case reports have shown increased risk of neural tube defects after BS. 26, 27 There may be developmental delays in children born to women who had BS prior to their pregnancy. 27 Johansson et al. studied long-term growth, neuropsychosomatic and speech development in children born to women after BS in Brazil. 22 Speech developmental defects were seen in these children; however, this important observation requires more research and follow-up of children born after BS. 22 Patel et al. and Cools et al. reported delays in speech, visual and neurological development in children born to women after BS. 24, 26 The results are presented in Table 1 . There is no significant difference in premature births and premature rupture of membranes after BS compared to those who did not undergo BS. 24, 25 Sheiner et al. found a positive correlation between premature rupture of membranes and BS (OR: 1.9; P = 0.001). 23 The underlying mechanism is not fully understood and needs more research to elucidate this relationship. f e t a l g r o w t h a n d b i r t h w e i g h t BS has been found to be associated with reduction of fetal macrosomia (birth weight >4,000 g). [26] [27] [28] Weintraub et al. demonstrated a significant reduction in macrosomia in pregnancies after BS versus women with obesity who have not undergone BS (3.2% versus 7.6%; P = 0.004). 19 Sheiner et al. found an increased rate of IUGR in pregnancies after BS compared to those without BS (5% versus 2%; P = 0.001). However, after multivariate analysis this finding became insignificant (OR: 1.4; P = 0.063). 23 Patel et al. also found a significant reduction in fetal macrosomia after BS; nevertheless, they also noted an increased rate of SGA fetuses among women post-BS compared to those who had never undergone BS (11.5% versus 0.5%; P <0.001). 24 Dixon et al. reported no significant difference in birth weight between pregnancies with and without BS. 25 The timing of pregnancy after BS has not been demonstrated to have an impact on birth weight. Dao et al. reported on 34 patients who became pregnant after BS between 2001 and 2004; there was no significant difference between birth weight among 21 women Table 1 : Summary of previous studies regarding obstetrical outcomes after bariatric surgery [20] [21] [22] 23, 28, 30, 31, 34, 57, 59, 60 Author and year of publication Significant positive changes compared to control Significant negative changes compared to control
Conclusion
Kwong et al. 20 (2016) • Lower GDM, HTN, PPH, macrosomia and PE • Higher SGA, IUGR and still birth BS can be helpful to reduce obstetrical complications but is associated with increased risk of still births and growth restriction.
Luck et al. 21 (2016)
• Lower GDM, PE and macrosomia • Higher SGA, preterm birth, CS, maternal death and NND BS before pregnancy reduces many obstetrical complications and is a cost-effective strategy to improve the pregnancy outcome for women who are anovulatory.
Johansson et al. 22 (2015)
• Lower GDM, PE and macrosomia • Higher NND, SGA and CS BS is a cost-effective strategy for women who are anovulatory to improve fertility and overall pregnancy rate, but it is associated with an increase in SGA, CS and NND.
Sheiner et al. 23 23 However, case-control studies did not show any significant difference in CS after BS. 24, 32 The American College of Obstetricians and Gynaecologists Committee Opinion showed an increase in CS rates and though this may be due to previous CS, maternal request or other obstetrical indications, data is sparse about increased CS rates following BS. 33, 34 n u t r i t i o n a l d e f i c i e n c i e s Nutritional deficiencies are well-recognised complications of BS and may lead to a reduction in vitamin B, fat-soluble vitamins, folic acid, iron and calcium. 35, 36 The underlying aetiological factor is thought to be a decreased production of gastric acid leading to a decreased absorption of micronutrients. 37, 38 Iron, thiamine and vitamins A, K and D deficiencies are common in pregnancies after BS. Wernicke encephalopathy and anaemia may occur due to the deficiency of thiamine and iron, respectively. 39 Vitamin D deficiency can lead to bone loss and dental problems in the mother and child. 40, 41 Nutritional deficiencies may also cause fetal malformations and fetal growth restriction. Cools et al. 's study showed that deficiency of micronutrients, specifically folic acid, vitamin K and A, can adversely affect the fetus, not only in utero, but also later in life. 26 Neural tube defects, anaemia, preterm births, cerebral haemorrhage, perinatal death, failure to thrive, blindness, deafness, growth retardation and epilepsy have also been reported in some studies, although more observation and follow-up is needed [ Table 2 ]. 26, 27, 42, 43 Nutritional deficiencies can be compensated with pre-pregnancy consumption of 5 mg of folic Table 2 : Summary of previous studies related to nutritional deficiencies and fetomaternal outcomes after bariatric surgery 16, 26, 27, 36, [43] [44] [45] [46] 48, 49 Author acid daily which should be continued until 12 weeks of gestation. Other vitamins, minerals and nutrients should be administered in recommended quantities to avoid further deficiencies. 44, 45 surgical complications in pregnancy a f t e r b a r i at r i c s u r g e r y
Like other surgical procedures, BS has many complications depending upon the type of surgery. The most common complications of BS include small bowel obstruction, volvulus, intussusception, gastric band erosion, slipping of gastric band, gastric ulcers, stitchline leak and potentially life-threatening peritonitis. [46] [47] [48] [49] Symptoms of BS complications may mimic common symptoms of physiological changes during pregnancy and require vigilant management. Stuart et al. 's study found a higher rate of laparotomies in pregnancies after BS (1.5% versus 0.1%, OR: 11.3%, 95% CI: 6.9-18.5) and higher incidence of intestinal obstruction (1.5% versus 0.02%, OR: 34.3, 95% CI: 11.9-98.7) in Sweden. 50 A recent case report by Petrucciani et al. showed thrombosis in the small intestine of a 29-year-old pregnant female who had BS six years earlier and presented at 24 weeks of gestation. 51 She presented with severe abdominal pain and upon ultrasound scan, was found to have fluid collection in her abdomen. Laparotomy was performed by a bariatric and a general surgeon who found ischaemia of the small intestine. The small intestine was resected and a hysterotomy was performed to deliver a stillborn fetus. 51 Maggard et al. 's systematic review showed three maternal and five neonatal deaths with surgical intervention in 20 cases during pregnancy after BS. 52 The majority of these interventions were due to internal hernias; gastric band migration, slipping and erosion have also been reported and some of these cases have had laparoscopic removal of gastric bands. 51, 52 
Discussion
Obesity is increasing exponentially among women of reproductive age. Concurrently, rates of BS are rising as this solution is a favourable option for weight loss among this population. Dixon et al. found no difference in perinatal outcome in conception occurring within one or two years after BS. 25 Patel et al. reported an increase in preterm deliveries in pregnancies within one year of BS. 24 With the current available data, it is advisable to avoid pregnancy for at least one year following BS. 53 Dao et al. and Roehrig et al. reported fertility improvements in women after BS; the likelihood of unintentional pregnancy was also higher. 29, 54 Therefore, contraceptive options should be discussed with women who have undergone BS, especially considering the questionable absorption of oral contraceptive pills; this is also supported by the American College of Obstetricians and Gynecologists clinical guidelines on pregnancy after BS. 33 Luck et al. 's study showed that in pregnancies after BS, there is a reduction in hypertensive disorders in pregnancy, GDM and macrosomic fetuses but it has also been found that there is an increase in IUGR and SGA fetuses. 21 It should be noted that many studies included in this review are case-control and cohort studies that have variable results and exhibit heterogeneity. Studies about congenital malformations and neonatal outcomes are underpowered with no homogeneity. Some of these studies have used a control group without prior BS. Skull et al. and Bilenka et al. used the patients as their own controls. 32, 55 Cools et al. and Huerta et al. stated that there was no long-term follow-up data for children born to mothers who had BS. 26, 56 Few studies addressed nutritional deficiencies and there is no evidence-based recommended daily nutritional intake requirements for pregnant women who had undergone BS. 40, 41 More detailed studies with long-term follow-up are required to determine the relationship between BS and nutritional deficiencies, congenital malformations, IUGR, SGA and long-term effects on children after birth.
Post-BS pregnancies are high risk and demand careful management by obstetricians, nutritionists and bariatric surgeons. Peri-conceptional, antenatal, intrapartum and postpartum assessment and management are essential in dealing with all issues and complications. 56 Pre-pregnancy assessments of nutritional status, specifically the intake of folic acid, vitamin B12, calcium and iron, can prevent many complications during the antnatal period.
Early assessment by a senior obstetrician are important in such cases and anomaly scans should be performed to exclude neural tube defects and other fetal malformations. Screening for SGA by ultrasound for fetal growth (growth-curves, amniotic fluid index and umbilical artery Doppler) should be conducted for diagnosis and follow-up. [57] [58] [59] [60] Any abdominal pain in such pregnancies warrants early scanning and involvement of surgical colleagues. There is no contraindication for vaginal births in these pregnancies except for other obstetrical indications.
Postpartum care is routine with additional dietary assessment to avoid nutritional deficiencies in the neonate and breastfeeding must be strongly encouraged. Discussion about future contraception is also particularly important considering the lower absorption of oral contraceptives which might affect their efficacy.
Conclusion
The included observational, case-control and cohort studies are suggestive of a decrease in the incidence of GDM, hypertensive disorders in pregnancy and macrosomia in pregnancies after BS. However, there is a lack of robust data regarding the risk of IUGR, fetal anomalies and SGA after BS, necessitating the need for more research. CS rates also remain high following BS and nutritional deficiencies require careful attention to ensure adherence to nutritional supplements in addition to careful monitoring regarding early detection and treatment. Moreover, there is no international consensus regarding the management of post-BS pregnancies due to their novelty, hence an evidence-based guideline is urgently needed. In addition, follow-up studies should focus on obstetrical outcome and longterm neonatal effects in children born to women who have undergone BS prior to their pregnancy.
